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PROTEIN PRODUCTION SYSTEM 



The present invention relates to an Optimized Protein Production System using a Stable and 
S Competent Human Hepatocyte Cell Line 

BACKGROUND 

Therapeutic proteins have been known in the scientific and medical communities since the early 
twentieth century, but the small amounts harvestable firom tissues and urine made therapeutic 
replacement difficult if not impossible. In the 1980s, advances in genomic technology have directly 
10 facilitated the identification, isolation, and characterization of genes responsible for the production of a 
great number of potential therapeutic proteins (*biotherapeutics'). 

Recombinant DNA technology allows the large-scale manu&cture and production of many therapeutic 
proteins. This approach may use either a prokaiyotic or eukaiyotic source of cells for propagation. The 
fimction and efficacy of any protein - and, by proxy, a therapeutic proteio, depends mainly on the gene 
15 sequence; however, several post-translational modifications to the protein may also play a crucial role 
in the ability of the protein to fimction with maximum efficacy. 

Post-translational modifications (PTMs) change the property of the side groups offbe amino acids - 
the building blocks of proteins - such that they alter protein fimction. Collectively, these post- 
translational modifications contribute significantly to the final structure and fimction of the protein. 
20 Therefore, when therapeutic proteins are made for use in humans, it is thought to be important to have 
the human pattern of post-translational accompaniments on the protein. 

Industry example: The original production of EPO in prokaiyotic cells failed because the post- 
translational patterns imparted by the bacterial host-cell to its transfected human gene product were 
neither correct nor sufficient to confer appropriate levels of clinical efficacy to the drug. Therefore, the 
25 decision to produce BPO in mammalian - but not human - cells was an important point in the evolution 
of the drug. 



ERSATZBLATT (REGEL 26) 



wo 2004/111246 



PCT/CH2004/000363 



2 

DOCUMENTED DIFFERENCES BETWEEN NATIVE VS RECGiyDBINANT THERAPEUTIC 
PROTEINS 

Reports on the importance of correct PTMs with respect to biological activityAherapeutic efficacy of 
biotherapeutics abound, particularly in the view of the impending flood of new biotherapeutic 
S molecules in clinical development. Below are some examples of reported studies: 

The glycosylation (a major PTM) of recombinant glycoproteins can profoundly affect their 
biological activities, including circulatory clearance rate, and recombinant proteins that are 
correctly glycosylated have significantly longer serum half lives than incorrectly glycosylated 
structures (Chitlaru T, Kronman C, Zeevi M, Kam M, Harel A, Ordentlich A, Velan B, 
Shafferman A (1998). Modulation of circulatory residence of recombinant acetylcholinesterase 
through biochemical or genetic manipulation of sialylation levels. Biochem J 1998 336:647-658.). 

Important glossary terms: 

Native protein: a protein that is routinely synthesized by a given tissue, organ, cell in the natural 
physiological state, in absence of any manipulation or engineering. 

15 Recombinant protein: a gene product (protein) that is obtained after genetically engineering of a cell or 
organism. 

Misaizu T, Matsuki S, Strickland TW, Takeuchi M, Kobata A, Takasaki S (1995). Role of antennary 
structure of N-linked sugar chains in renal handling of recombinant human eiytbropoietiiL Blood 
86:4097-4104.) found that the nature and degree of glycosylation of recombinant human 
20 erythropoeitin (EPO) profoundly affected the in vivo activity. Incorrect glycosylation patterns 
enhanced the total body clearance rate more than three times and resulted in a much lower activity for 
stimulation of erythroid progenitor cells. 

In many cases, there are significant differences in glycosylation between native and recombinant 
glycoproteins, between recombinant forms expressed in different cell lines, and between related 

25 glycoproteins from different organs. Landberg E, Pahlsson P, Krotkiewski H, Stromqvist M, Hansson 
L, Lundblad A (1997). Glycosylation of bile-salt-stimulated lipase from himian milk: comparison of 
native and recombinant forms. Arch Biochem Biophys 344:94-102,) found differences in the 
glycosylation of native and recombinant forms of bile-salt-stimulated lipase (BSSL) from human milk. 
Native BSSL contained a high amoxmt of A2F family N-glycans whereas recombinant forms expressed 

30 m CHO or mouse fibroblast cell lines had predominantiy A2 family glycans. 
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Jacquinot PM, Leger D, Wieruszeski JM, Coddeville B/Montreuil J, Spik G (1994). Change in 
glycosylation of chicken transferrin glycans biosynthesized during embryogenesis and primary culture 
of eqibryo hepatocytes. Glycobiology 4:617-624,) studying the oligosaccharides of transferrins from 
chicken serum, chicken embryo serum and from the culturo^edium of chicken embryo hepatocytes in 
5 primary culture found each had distinct glycosylation patterns. 

Tanigawara Y, Hori R, Okumura K, Tsuji J, Shimizu N, Noma S, Suzuki J, Livingston DJ, Richards 
SM, Keyes LD, et al. (1990). Pharmacokinetics in chimpanzees of recombinant human tissue-type 
plasminogen activator produced in mouse CI 27 and Chinese hamster ovary cells. Chem Pharm Bull 
(Tokyo) 1990 Feb;38(2):5 17-22) demonstrated that two preparations of r-tPA*s (recombinant tissue 
10 plasminogen activators) with different carbohydrate structures showed different pharmacokinetics, 
strongly suggesting that the carbohydrate structure can affect the biological activity, hence the 
therapeutic efficiency, of t-PA. 

WHY NATIVE PROTEINS ? 

Recombinant proteins that lack correct human post-translational modifications can elicit neutralizing 
15 antibodies, resulting in reduced efficacy. Moreover, recombinantly-produced proteins are often cleared 
from circulation quickly, requiring frequent injections or pegylation to extend the half-life. 
"Pegylated" proteins are costly to produce and may lose some of their bioactivily, requiring higher 
dosage for the same efficacy. 

Conversely, native proteins from human tissues are fiilly hxmian glycosylated, providing products with 
20 clear activity/efficacy/safety advantages over current therapies: 

Better and broader efficacy due to the presence of naturally-occurring glycan structures and subtypes 
on the final proteui product as well as other post-translational modifications, more closely matching 
human therapeutic requirements; 

Potentially fewer side effects due to lower dosage; 

25 Longer half life in circulation and little allergic response due to proper PTMs; 

Lower manu&cturing cost due to the extraction of multiple proteins from a single cell source and 
manufacturing process; 

Lower regulatory barrier due to use of a single immortalized human cell line and single manufacturing 
process; 
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Less frequent injections due to longer half-life of glycosylated proteins compared to non-glycosylated 
recombinant proteins produced in bacteria. 

Industry example: Glycogen storage disease type n (GSDII) is an autosomal recessive disorder caused 
by the deficiency of tiie protein GAA (acid alpha-glucosidase), a glycogen-degrading lysosomal 
S ^i2yme. 

This deficiency results in generalized deposition of lysosomal glycogen in almost all tissues of the 
body and can ultimately lead to cardiac &ilure before the age of two years (hence GSDII is a life- 
threatening condition). 

Current treatment for the disease includes repairing the deficiency by injecting recombinant protein 
10 into the patient, made fi-om either cultured Chinese Hamster Ovary (CHO) cells or secreted in the milk 
from rabbits tfiat bear the transgene for the protein under a milk-specific promoter. 

Both recombinant proteins produced are extremely inefiEicient in their uptake into and function in 
targeted tissues. 

The NIH (US-National Institute of Health) announces a new technology that relates to the use of - 
IS hepatocytes whether in culture or in vivo for the production of native human GAA. 

The NIH approach is to use human hepatocytes to produce appropriate post-translational modification 
of the enzyme in cells by proper glycosylation, thereby producing a superior enzyme capable of being 
easily taken up and localized intracellularly in the target tissue. Once there, the enzyme digests 
glycogen present in lysosomes. . 

20 PROTEINS NATURALLY PRODUCED BY THE LIVER 

The liver is one of the most promising organs/tissues to provide producer cells with a large spectrum 
potential for delivering native proteins with therapeutic interest, either as direct biological drugs or as 
validated drug targets for small drug molecule development Indeed, this organ synthesizes a host of 
important proteins, including enzymes, hormones, clotting factors, and immune fectors. Several 

25 proteins synthesized by the liver are necessary for proper blood fimctioning; these include binding 
proteins and albumin, which helps maintain proper blood volume. Clotting factors produced by tiie 
liver include fibrinogen, prothrombin (Factor II), Factors VII, Vm, DC, X and von Willebrand Factor. 
Acute phase proteins (APP) are another set of plasma proteins synthesized by the liver in response to 
tissue damage and inflammation associated with traumatic and/or infectious disease. Transferrin (Tf), 

30 alpha-2-macroglobulin (a2M), hemopexin are just some important acute proteins. 
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(Please refer to the APPENDIX for a comprehensive list of proteins produced by hepatocytes). 



[MF notes: in case this issue is considered a valuable avenue to explore, all potential 
disease/therapeutic targets for each protein from the appendix list can be supplied] 



5 LBVnTATIONS OF THE NATIVE LIVER PROTEINS APPROACH 

Primary hepatocytes do not proliferate, thus production of proteins from this type of cells requires a 
steady supply of new cellxilar preparations from hxmian liver biopsies. This would represent a clumsy 
and expensive approach with many associated problems (QA, batch-to-batch variability, almost no 
standardization, regulatory hassle). This issue has been solved through TGE-Corp's iu-licensing 
10 strategy (Multiceli Technologies' unique immortalized and standardized frilly competent human 
hepatocytes). 

The remaining limit for producing native hepatic proteins for therapeutic or other uses is obviously 
determined by the set of proteins available at a decent yield from hepatic ceUs in culture. The 
APPENDIX section lists all major proteins that could potentially be manufactured under tiie label of 
1 5 *Native Proteins*. 

Any other ther^eutic protein candidate will have to be produced using genetic engineering strate^es. 
However, even in this case, the human nature/origin of these cellular substrates (MCT's hepatic cell 
lines) should guarantee the best post-translational modification process currently available, thus 
leading to recombinant end-products with clear competitive advantages, including a favourable 
20 regulatory outiook. 
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APPENDIXl 

BASIS FOR TH£ CONSTRUCTION OF HIGH EFFICIENCY, INDUCIBLE PROMOTER - GENE 
CONSTRUCTS, EXPRESSING THERAPEUTIC PROTEINS- 

5 An expression vector will be constructed which allows for the selection of stable transfectants by 
selection for the zeocin antibiotic (Cayla) in both prokaryotic and eukaryotic cells. The Zeocin 
resistance gene will be obtained as a restriction digest fragment from the pZeoSV plasmid (Invitrogen) 
and will be ligated to a fragment containing a bacterial origin of replication obtained by PGR 
amplification from pUC19 (New England Biolabs). This Ugation mixture will then be used to 

10 transform competent E. coli cells and the presence of the desired recombinant plasmid (pUC-Zeo) will 
be selected for on Zeocin-containing bacterial plates. A synthetic poly(A) sequence will be obtained 
as a restriction fragment from a digest of pGL3-Basic (Promega) and will be ligated into pUC-Zeo 
upstream of the HSP70B promoter and the desired recombinant (pUC-ZeoA) will selected for Zeocin 
resistance. The HSP70B driven expression cassette (Hi-Hot) will be obtained as a restriction fragment 

15 from the PGR amplification of pHi&Hot-MGS (V3) (David Harris, University of Arizona) from which 
an Xhol fragment in the multiple cloning region has been deleted. The Hi-Hot expression cassette will 
be ligated into pUC-ZeoA downstream of the synthetic poly(A) sequence and the desired recombinant 
(pHiHot-Zeo) will be selected for Zeocin resistance. Genes to be expressed under Ae control of the 
Hi-Hot system can be inserted into the unique Xhol and Xbal sites derived from the multiple cloning 

20 sequence of pHi&Hot-MCS. The Hi-Hot plasmid constructs are derived from those in Tsang et al,, 
Biotechniques, 20:51-52, 1996 and Tsang et al., Biotechniques, 22:68. 

In a comparison of expression systems in transient transfection experiments using the Lewis Lung 
Carcinoma cell line expressing Interleukin-2, the following results were obtained: 

25 

Hsp70B promoter - 468 pg/ml of interleukin-2 
CMV promoter - 573 pg/ml of interleukin-2 
Hi-Hot promoter - 18,409 pg/ml of interleukin-2 

30 THE HI-HOT PROMOTER WAS 393 TIMES STRONGER THAN THE HSP70B 
PROMOTER AND 32.1 TIMES STRONGER THAN THE CMV PROMOTER 
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APPENDIX2 

SHORTLIST OF NATIVE HEPATIC PROTEINS 



Abbreviated Protein Name(s) 



202 


lfi202 


3alplia 
HSD/DD 


3alpiia liydroxysteroicL diJtiydrociiol dehydrogenase, AKKIC^, aldo-Jceto reductase 
1C9 


A2-Mag 


aip]ia2-macrogiobiUin 


A2UG 


aipiia-2u globulin clone JRAO 01 


A2UG207n 


alplia-2u globulin 207 


AAT 


alphal -antitrypsin 


ACC 


acetyl-CoA carboxylase 


ACH 


angiotensin converting enzyme , DCP, DCPl, dipeptidyl carboxypeptidase 1, 
angiotensin I converting enzyme, peptidyl-dipeptidase A 1, CD143, dipeptydyl 
peptidase, Kmlnase U, ACEl 


ACO 


acyl CoA oxidase 


ACS 


acyl-coenzyme A synthetase , long-chain-acyl-CoA synthetase 


ADB 


aldolase 15 


ADHl 


alcohol dehydrogenase 1, class 1, alcohol dehydrogenase alpha subunit 


ADH2 


alcohol dehydrogenase 2, class 1 


ADH3 


alcohol dehydrogenase 3, class 1 


AJh'P 


alpha-tetoprotem 


aG 


alphal-globin 


AGG 


Agamma giobin, hemoglobin gamma chain 


AGP 


alpha- 1 -acid glycoprotein 


ALAD 


deita-aminoievulinate dehydratase, porphobilinogen synthase 


ALU 


albumin 


ALDH-3 


Class 3 aldehyde dehydrogenase, tiatty aldehyde dehydrogenase, aldehyde 
dehydrogenase microsomal 


alphall3 


alphal -inhibitor 111 


alphaSMRyLRP 


alpha2-macrogiobulin receptor/lipoprotein receptor-related protein 


AMLl 


acute myeloid leulceima 1, (Ji3^A2, core-binding tactor, runt domain, alpha subunit 
2 


ANTG 


angiotensinogen 

• 
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Abbreviated Protein Naine(s) 



AOX 


acyl uoA oxiaase , acyi-coA: oxygen 2-oxi(loreauctase 


APO(A) 


apoiipoprotein(a; 


apoAl 


apolipoprotem Ai 


ApoA-l 


apolipoprotein A-i 


apoAil 


apolipoprotem All 


ApoA-lV 


apolipoprotein A-l V 


apoii 


apolipoprotein B 


apoC-Ul 


apolipoprotein CJ-lil 


ApoD 


apolipoprotein D 


apoH 


apolipoprotein B 


apoVLDLU 


very low density lipoprotein 11 , apovitellenin 1 


ARO 


arginase 


ATla-R 


angiotensin 11 type 1 A receptor , angiotensin receptor (A 11) 


ATPlAl 


NajK-AlFase aipna 1 subunit , NAKA alplia l 


beta2-AR 


beta2-adrenergic receptor 


beta-lFN 


virus induced interteron-beta , ib'N beta 


Bf 


complement tactor B 


BFIBR 


fibrinogen B-beta subunit 




biliary glycoprotein, C-CAM-l, cell CAM-1, BGP-1, BGPl, antigen CD66, 
CD66A antigen 


C/EBPalpha 


CCAAT/enhancer binding protein alplia 


Ci 


complement C3 


C41iJf 


L:4b-binding protein 


cAspAT 


cytosolic aspartate aminotransterase 


catalase 


catalase, CAl, CASl 


Cdc7 


Cell division cycle 7 


CEBFA 


CCAAT/enhancer binding protein alpha 




cholesteryl ester transfer protein 


COLlAl 


collagen, type 1, alpha 1 


CRBPU 


cellular retinol-bindmg protem 11 


CRP 


C-reactive protein 


CSPl 


carbamoylphosphate synthetase 1 


CypllA 


cytochrome i'45U cholesterol side chain cleavage , l'45Uscc 
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Abbreviated Protein Naine(s) 





cytocbrome F-450 ITalpha liydroxylase/clV-2U lyase , F450cl7 


Oypl9 


aromatase , cytocbrome F45UX1XA1 , estrogen synthetase , F45Uarom 


CYPlAl 


cytoctirome F45U tamlly 1 A 1, F1-45U, cytochrome F-45UiAl 


CVp21Al 


cytochrome P4SU steroid 21-hydroxylase . P45UC21 . C^XXlAl , 21-OHase 


CYP27 


Cytochrome F-450C27 


CYP2B2 


cytochrome F45UJL1B2 


CYP2C12 


Cytochrome P-450femily 2 C 12 


CYP7 


cholesterol 7-alpha-hydroxylase , cholesterol 7-alpha-monooxygenase, cytochrome 
P450Vn 


DRA 


MUC class UULA-DRA 


ei24 


etoposide mduced protein 2.4, FiCiS 


KKLF 


erythroid Kruppel-liice tactor 


Upo 


erythropoietin 


PIO 


coagulation tactor X, coagulation tactor lU, stuart factor, tlO 


hi 


lactor Vli, vitamin K-dependent coagulation protein 




coagulation lactor Vlll, FSC, procoagulant component, antihemophilic tactor, AHF 




coagulation lactor LX. , Jbactor iX, I'actor 9, Christmas lactor, FIX, & 


FAS 


tiatty acid synthase 


t'ASL. receptor 


Fas ligand receptor. Fas antigen. Fas death receptor, AFO-l antigen, CD95 antigen, 
TNEEISF6, APTl, FAS 


FCH 


terrochelatase, protoheme terro-lyase, heme synthe^e 


FGG 


FIBRINOGEN GAMMA, FIBG 


fibrinogen 
^inuna 


gamma-llbrinogen subnit 




tamesyl diphosphate synthase , geranyl-diphosphate: isopentenyl-diphosphate 
geranyltranstransferase 


Fl'H 


territm, heavy chain 


U6Pase 


glucose-o-phosphatase 


GADl 


glutamic acid decarboxylase 2 , 67]cDa glutamate decarboxQ^lase , CjAU67 


GATA-1 


GATA-1 


Gbp-1 


guanylate-binding protein- 1, mUBF-l, mag-1, macrophage activation -l 


Gbp-2 


guanylate-binding protein-2, mCiBF-2, macrophage activator 


GGG 


Ugamma-globin 
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Abbreviated Protein Name(s) 



GK 


giucoJdnase, hexoJdnase L>, hexoKinase type iV, ATFiU-Hexose 6- 
phosphotransferase 


GLOB-A 


alpJial-globin, hemoglobin alptial cJHain 


GLOB-B 


beta-globin, hemoglobin beta chain 


CjJLUB-BM 


betaM-globm, hemoglobin beta major chain 


GLOB-Z 


zetaz-globin, hemoglobin 22, chain 


GPA 


glycophorin A 


GPAT 


mitochondrial glycerol-3-phosphate acyltransterase 


GPC 


glycophorin c 


gpl3 


glycoprotein U, major subunit ot Dully blood group 


GSHPx 


cytosolic glutathione peroxidase, cellular glutathione peroxidase, UFXl 


gstA2 


Cjlutathione S-transterase A2 


GST-P 


glutathione transferase P , placental glutathione transferase, glutation 2>-aiKyl 
transferase 


GSTVA 


glutathione S-transterase Ya subunit 


GST-Ya 


glutathione S-transterase Ya subunit 


H-ZDcl 


MHC class lH-2Dd 


H-2Kb 


MJdLC class 1 H-2Kb 




MHC class lH-2Kk 




MHC Class 1 H-2U1 


HCEH 


hepatic neutral cholesterol ester hydrolase , neutral cholesterol ester hydrolase , 
hepatic cholesterol ester hydrolase 


tiU 


hydratase-dehydrogenase , enoyl-CoA hydratase /3-hydroxyacyl-<JoA 
dehydrogenase , bifunctional enzyme 


tiU 


haptoglobin 


HK3 


hexoKinase 3, liK Ui 


HMGCR 


HMCj-CoA reductase, 3-hydroxy-3-methylglutaiyl-coenzyme A reductase , 3- 
hydro3^-3-methylglutaryl-coA reductase 


HMGCS 


3-hydroxy-3-methylglutaiyl coenzyme A synthase , hydroxymethylgiutaryl-CoA 
synthase, cytoplasmic, HMG-CoA synthase 


HMGR 


3-hydroxy-3-methylglutatyl coenzyme A reductase 


HNF-1 


hepatocyte nuclear lactor-l, Ltm, LFBl/HNFl, JtlNP-lalpha 


HNF-lbeta 


hepatocyte nuclear £actor-l beta , vHNF-l 
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Abbreviated Protein Name(s) 



Hnt-3alpfta 


hepatocyte nuclear lactor 3alpJtia 


HNWbeta 


bepatocyte nuclear factor 3 beta 


HNF3gamma 


nepatocyte nucler lactor 3 gamma 




Hepatocyte nuclear tactor 4 


HO-1 


heme oxygenase 1, bsp32 


HPG 


Haptoglobin 


Hpx 


nemopexin 


11SC70 


72 kd heat shocK cognate 


hsc77 


heat shock cognate 73, HSC72, P72, JtlSC7U, peroxisome prolilerator binomg 
protein 




heat shock lactor 1, HS'lFl 


Hat's 


heat shock iactor 2, HSm 


HSP105 


heat shock protein 103 


hsp25 


heat shock protein 25 


hsp84 


K4 kDa heat shock protein, USP90B 


liSFCj2 


Basement membrane-specitic heparan sulfate proteoglycan core protein , perlecah, 
HSPG, PLC 


HTGL 


hepatic triglyceride hpase , triacylglycerol lipase 


ICAM-l 


interceUular adhesion molecule- 1 , major group rhinovirus receptor, HKV, l;u54 


U^'N-alpha 


interteron-alpha 


lGFBP-1 


insulin-Uke growth tiactor binding protein-1 


IGF-U 


insulin-like growth tactor 11 


iNoy 


inducible nitric oxide synthase, NOS2, hiNUS, inducible JNUS, macrophage-type 
NOS, iNOS, NOS, type II, NOS2A, hepatocyte OS, hep-NOS 


lP-10 


inflammatory protein 10-kDa, Crg-2, gamma-lPlO, C7, INPIO, MIO, SCYBIO 




insulin receptor 




interleron regulatory tactor 1 


ItgbS 


integrin beta 5 


LPL 


lipoprotein hpase 


MCAD 


medium-chain acyi-UoA dehydrogenase, acyl-CoA dehydrogenase, medium-chain 
specLSc , 2,3-oxidoreductase , ACADM 


MDRl 


multidrug resistance , FUY 1, F-glycoprotein 


mdrlb 


multidrug resistance lb, F-glycoprotem,mdrl 
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Abbreviated Protein Name(s) 



MH 


malic enzyme , maiate oxidoreductase 


MHMGCy 


mitochondrial 3-tiydroxy*3-methylgiutaiyl coenzyme A syntJiase , mitocnondrlai 
HMG-CoA synthase 


MT-1 


metailothionein-i 


MTP 


microsomal triglyceride transter protein 


MXll 


Max hiteractor 1 


NFli2 


nuclear factor eiythroid 2, nuclear tiactor (erythroid-derived 2J, 45lcu, P45 Nl'-li2, 
leucine zipper protein NF-E2, NFE2, p45, NF-E2 


NPY 


neuropeptide Y 


NQOl 


NAD(P)H:quinone oxidoreductase, DT diaphorase, NMOl, MMOR, QR, QAO 


OAS 


2'-5' ohgoadenylate synthetase, 2-5* A synthetase 


ODC 


ornithine decarboxylase , Lromithine carboxiiase 


OTC 


ornithine transcarbamyiase, lromithine carbamoyitransterase 


p44 


hepatihs-u-associated microtubuiar aggregate protein 


P450c 


cytochrome P45U tamiiy i A 1 




p53 tumor suppressor 


PAH 


Phenylalanine hydroxylase 




porphobilinogen deaminase, porphobilinogen ammonia-lyase (polymerizing), 
hydroxymetfaylbilane synthase 


PCNA 


proliteratmg cell nucleolar antigen pi 20 


PEPCK 


phosphoenolpyruvate carbo>^kinase cytosolic, phosphopyruvate carboxylase 


PFKi'B 


e)-phosphomicto-2-lcinase/tructose-2,6'-biphosphatase , 0PJh-2-l!^/l*ru-2,b-P2ASli, 
PFK-2/FBPase-2, RH2K 


PGK-1 


phosphoglycerate Kinase l somatic-type 


plgR 


polymeric immunoglobulm receptor, polyimmunoglobulin receptor, polymeric IgA 
receptor 


pkL 


JU-type pyruvate idnase 


PPAK gamma 


peroxisome proliterator activated receptor ganama , PPAJK gamma 3, PPAK gamma 
1 


PRLR 


prolactin receptor 


Pt 


prothrombin, coagulation tactor 11, t2 


PYm 


M-^e pyruvate Kinase , PKM2, Pyruvate kinase, M 


RAR-beta 


retmoic acid receptor beta, Ketinoic Acid Receptor beta 2 , KAK-beta 
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Abbreviated Protein Naine(s) 





Knombotin 2, T-ceU translocation 2, 11 Xi-2 


S14 


product 




serum amyloid A 


fcJAAl 


serum amyloid Al 


SAA3 


serum amyloid A3 


SAAg9 


serum amyloid Ag^ 


sgk 


iiierin/'l'lireonine protein Kinase 


SIRP 


signal-regulatory protein 


SODl 


Cu/Zn superoxide dismutase 


ypiii 


serine protease inbibitor 2.1, serpin 


Spi2.3 


serine protease mtubitor 2.3, SFl, serpin, contrapsin-like protease inhibitor 
precursor, kallikrein-binding protein, GHR-p63 


SPTB 


beta-spectrin, SPTBl 


SKliBF-2 


sterol regulatory element-binding protein-2 


ss 


squalene synthase, tamesyl-diphospliate: tamesyl-diphosphate tamesyltransterase 


i$tat6 


lnterieukin-4-induced transcription tiactor Stat6, lL-4 Stat 


TALI, 


SCL,TCL5 


TAT 


^osine aminotransferase 


TV 


transterrin 


THPO 


thrombopoietin, c-Mpi ligand, megakaryocyte colony stimulating tactor, 
megakaryocyte growth and development factor 


■I'O 


tryptophan oxygenase 


T0P3 


DMA topoisomerase lU alpha, T0P3 A, hT0P3 




transthyretin, prealbumin 


vri*-A2 


vitellogenin A2 


VIT-Bl 


viteUogeninBl 


vri'-u 


vitellogenin 11 


vWF 


von Willebrand tactor 


XOR 


xanthme oxidoreductase, AUH, XUHA 


zg 


zeta-globin, hemoglobin z-chain 
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APPENDIX3 

EXISTING HUMAN CELL LINE PRODUCTION SYSTEMS TODAY 

The initial success of biotechnology has been driven some 30 years ago, by the ability to transfer DNA 
sequences into living cells and make them produce therapeutic proteins/peptides on a large scale. The 
5 production of recombinant insulin was the first example of such a process, achieved in the 1970ies by 
introducing the insulin gene into bacteria, the simplest cell type avedlable. These 'engineered bacteria* 
then produced insulin which to date is still successfully used to combat diabetes. 

As the biotechnology indiistiy became interested in the production of more complex protein drugs, 
more sophisticated producer cell types were required as a production platform. In the early 80ies, the 
10 large-scale manufacturing of therapeutic proteins in mammalian cells represented a major 
breakthrough. To date, animal cells, such as rodent cell lines, and in particular the Chinese Hamster 
Ovary cell line (CHO), represent the most important platform for &e production of 
biopharmaceuticals, includmg some blockbuster biotech drugs. 

However, in recent past clinical trials, in particular with recombinant murine antibodies, it rapidly 
IS became clear that nonhuman antibodies have the potential to elicit an immune response, thus blocking 
the efficacy of the treatment. These observations underscored the now recognized importance of 
correct 'human-type' post-translational modifications of complex protein products. 

PER.C6™ 

The company Introgen b.v. (Leiden, ML), now Crucell, took the bioproduction process one step furOier 
20 from rodent to a human production platform. PER.C6™ is an e?q)ression platform that consists of a 
himian cell line that can produce biopharmaceuticals for human therapeutic use. The PER.C6 cell line 
was generated from human retina-derived primary cells, which were immortalized by insertion of the 
adenovirus El gene.The cell line is derived fi-om a single source of healthy human cells in a controlled 
and fully documented manner. The company has intmiortalized the cell so tiiat it can replicate itself 
25 indefinitely, unlike normal human cells, a prerequisite feature essential to the production of 
recombinant biopharmaceutical products in sufficient quantities for commercial distribution. 

Currently, Crucell promotes its PER.C6 production platform for the : 

Production of monoclonal antibodies through rDNA technologies; 

Production of various therapeutic protems other than mAb's; 

30 Vaccine production 
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Functional genomics 
WHYPER-C^™ 

Crucell, the PER.C6 owner company, claims its platform to represent today's industry standard for 
5 ^plications such as 1 - 4 above. The main reason to this stems from the following assertion: 
"CrucelPs Technology Maintains 'Human' Glycosylation Patterns." 

Major advantages of using PER.C6 cells for biophannaceutical production: 

Post-translational modifications (in particular Glycosylation): Optimal recombinant therapeutic protein 
products, in terms of half-life, biological activity and immunocompatibility contain human glycan 
10 structures (Le, glycosylation patterns). Mammalian cells like CHO (the biotech ^workhorse') or other 
established non-human animal cell lines add non-human glycan structures to recombinant proteins or 
antibodies. PER.C6 cells peifoim human glycosylation patterns, resulting in higher biological activity 
and longer half-life. 

Regulatory issues: As PER.C6 has been developed as a manufacturing platform for 
15 biopharmaceuticals, extensive documentation concerning the generation and characterization of the 
cell line has been assembled from the start This documentation has been deposited as a biologies 
master file (BMF) with the FDA. PER.C6 has been approved for the generation of recombinant 
adenovirus for gene therapy trials, and has been accepted for Phase I/II clinical trials of an HIV 
vaccine being administered to both healthy and immunocompromised individuals. 

20 Production yields - monoclonals: Currently used expression platforms for the production of 
monoclonal antibodies are CHO and NS/0 cells, with average expression yields amounting to 
approximately 0.5 g/1 in final production processes. PER.C6 produce similar levels of antibodies in a 
non-optimized system and is expected to produce significantly more in optimized fed batch culture 
systems. 

25 Intellectual Property: Crucell, Leiden, NL, wholly owns the technology and know-how associated with 
PER.C6, which translates into a transparent patent situation, which is &r from being the case for all 
other production platforms for biopharmaceuticals. 

Flexibility of use: The cells grow readily as adherent or suspension cultures, in serum-free and animal- 
component-free culture systems and can be easily transferred from one medium or growth condition to 
30 another. 
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Scalability: The presence of the adenovirus El gene inhibits apoptosis of PER.C6 cells, resulting in 
high viabilities when gro>vn in batch production cultures. PER.C6 cells are easily scalable - the cells 
are currently grown in 2,500 L reactors and further upscaling is in progress. 

Stability: Transfection of PER.C6 ceils with expression plasmids is efBcient, as is subsequent 
5 generation of stable sub-clones. Importantly, high expression levels of recombinant proteins are 
observed in the absence of gene amplification, giving a considerable time advantage over the use of 
cell lines that require amplification for efficient protein expression. 

In a May 2002 hearing (http://www.fdagov/ohrms/dockets/ac/01/briefing^750bl_01.htm), the FDA 
considered the potential risks in using two novel cell substrates, i.e. HEK293 cells and PER.C6 cells. 

10 These cell lines were developed by transforming human embryonic kidney cells (293) and human 
embryonic retinal cells (PER.C6) with the transforming early region 1 (El) of adenovuus type S 
(AdS). Since cell lines such as 293 and PER.C6 express the AdS El region, Hiey are able to 
complement the growth of defective AdS vectors which have been "crippled" by deletion of El. 
Defective AdS vectors have been engineered to express foreign genes such as those fiom human 

IS immunodeficiency virus (HIV), the causative agent of AIDS, and vectors of diis type are thought to 
have significant potential for vaccine development because of their demonstrated ability to generate 
cell-mediated immune responses to HIV. However, a feature of regulatory importance associated with 
AdS-transformed cells is their capacity to form tumors in inmiunodeficient animals such as nude mice. 

In considering potential risks associated with the use of so-called Designer Cell Substrates — i.e., 
20 neoplastic cells derived from normal cells transformed by defined viral or cellular oncogenes or by 
immortalizing cellular genes (e.g., telomerase) - OVKR/CBER is considering the approach outlined 
within the fi-amework of a "defined-risks" assessment Lewis et aL, "A defined-risks approach to the 
regulatory assessment of the use of neoplastic cells as substrates for viral vaccine manufacture". In 
Evolving Scientific and Regulatory Perspectives on Cell Substrates for Vaccine Development. Brown, 
25 Lewis, Peden, Krause (eds.) Develop. Biol. Stand.. This framework is intended to examine, and 
wherever possible, to quantify the potential risk of "transmitting" the tumorigenic components of the 
cell substrate used for vaccine production, and determine whether that "transmission" might pose a 
risk, particularly an oncogenic risk, to vaccinees. Factors that could influence the risk associated with 
the use of Designer Cell Substrates include (a) the known mechanism of cell transformation leading to 
30 the development of tumorigenic cells; (b) residual cell substrate DNA; and (c) the presence of 
adventitious agents, especially oncogenic viruses. 



ERSATZBLATT (REGEL 26) 



wo 2004/111246 



17 



PCT/CH2004/000363 



CRUCELL 

Crucell discovers and develops fully human biopharmaceuticals that utilize the immune system to 
combat disease. CruceH's proprietary technology platforms, MAbstract™ , Ad Vac™ and PER.C6™ , 
enable the discovery, development and production of novel antigens. Antibodies and Vaccines. Crucell 
5 offers its technology to pharmaceutical and biotechnology partners, and utilizes them to create 
Cruceirs own product pipeline. 

PER.C6™ is a human cell manufacturing platform, which has become the industry standard for 
production of recombinant adenoviral vectors. PER.C6™ has also proven to be a superior platform for 
the production of antibodies and vaccines. 

10 Crucell has 19 licensees for its PER.C6™ technology, including Novartis, Pfizer, GSK, Aventis, 
Genzyme and Schering. 

PER.C6™ in Crucell's Press Releases 

PER.C6™ is a human cell platform for the development and manufacturing of bio-pharmaceutical 
products such as antibodies, proteins and vaccines. The superior yields and scalability of PER.C6, as 
15 well as the extensive history and safety documentation render PER.C6 the safe, cost effective and 
large-volume manufacturing platform that the pharmaceutical industry requires. Having launched the 
use of PER.C6 as a vaccine platform through an exclusive licensing ^eement with Merck & Co. for 
tiieir HTV vaccine, Crucell aims to expand its PER.C6 business in the field of vaccines. The current 
agreement with Rhein Biotech endorses this strategy. 

20 
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